Informational masking (IM) is the term used to describe masking that appears to have its origin at some central level of the auditory nervous system beyond the cochlea. Supporting a central origin are the two major factors associated with IM: trial-by-trial uncertainty regarding the masker and perceived similarity of target and masker. Here preliminary evidence is provided suggesting these factors exert their influence through a single critical determinant of IM, the stochastic separation of target and masker given by Simpson-Fitter's da [Lutfi et al. (2012) . J. Acoust. Soc. Am. 132, . Target and maskers were alternating sequences of tones or words with frequencies, F0s for words, selected at random on each presentation. The listener's task was to discriminate a frequency-difference in the target tones, identify the target words. Performance in both tasks was found to be constant across conditions in which the mean difference (similarity), variance (uncertainty) or covariance (similarity) of target and masker frequencies or F0s were selected to yield the same value of da. The results are discussed in terms of their implications for the development of a model of IM that emphasizes the statistical properties of signals over loosely defined concepts of masker uncertainty and target-masker similarity.
INTRODUCTION
One of the most significant factors affecting our ability to communicate in natural listening environments is the uncertainty created by noise sources that vary unpredictably from one moment to the next. Such effects of noise uncertainty have had a long history of study in psychoacoustics under the rubric of informational masking, IM (see Durlach et al., 2003a; Kidd et al., 2008b; Lutfi 1993 for reviews). Significant advances, moreover, have been made in modeling the major results to come out of this research (Lutfi, 1990 (Lutfi, , 1993 Lutfi and Doherty, 1994; Lutfi et al., 2003; Lutfi, 1998, 1999; Wightman et al., 2003; Alexander and Lutfi, 2004) . In recent years, however, the definition of IM has expanded to include the effects of the acoustic similarity between target and noise (Kidd et al. 2008a; Durlach et al., 2003a,b) . The effects of target-noise similarity are widely considered to be separate and qualitatively different from the effects of noise uncertainty (Brungart, 2001; Kidd et al. 1994 Kidd et al. , 2008a Durlach et al., 2003a,b) . Here, however, we present evidence suggesting that uncertainty and similarity effects are just different manifestations of the influence on a common underlying statistical variable representing the information divergence of target and noise.
GENERAL APPROACH
Our approach represents a specific application of a larger theoretical framework recently developed to deal with vagaries of the terms 'noise uncertainty' and 'target-noise similarity' as they have been commonly used in the literature (Lutfi et al. 2012; see Durlach, 2006; Durlach et al., 2003a for a larger description of the problem). Our definitions are consistent with common usage, but quantify these terms in a way that they can be directly compared. FIGURE 1. Representation of stimulus conditions entailed in the current approach. Target and noise (masker) are sequences of N=5 alternating pure tones, where the individual tones vary in frequency from trial to trial. The statistical distributions of frequencies are given by the continuous curves drawn to the left of each panel (black for target, gray for masker). Panel 1 represents a standard condition. The remaining panels show manipulations associated with noise uncertainty and target-noise similarity/comodulation consistent with how they have been operationally defined in the literature. In panel 2 noise uncertainty is increased from the standard condition by increasing the variability of masker tone frequencies, given by ߪ ே . In panel 3 targetnoise similarity is increased by reducing the mean difference between target and masker frequencies, given by ߤ ் െ ߤ ே . Finally, in panel 4 the overall separation between target and masker frequencies continues to vary at random from trial to trial, but targetnoise similarity is increased by increasing the covariation of target and masker frequencies, given by r 2 .
Consider by way of example the case shown in figure 1. The target and noise (masker) are sequences of N=5 alternating pure tones that vary at random in frequency from trial to trial. Let P 7 and P 1 denote the mean of the frequencies for target and noise, and let V 7 and V 1 represent the corresponding trial-by-trial variability in the tone frequencies (normally distributed). Noise uncertainty in this framework is identified with the value of V 1 targetnoise similarity with the difference P 7 P 1 or with the covariance (comodulation) of target and noise frequencies,
given by r 2 . The relative effects of V 1 P 7 P 1 and r 2 are then evaluated in terms of their combined influence on a measure of the information divergence between target and noise, as given by Simpson-Fitter's d a (Simpson and Fitter, 1973; cf. Kullback and Leibler, 1951) 
The pivotal feature of this approach is that it uses d a to quantify the distance between target and noise, comparable to the way that it has traditionally been used to scale the distance between two targets or between target+noise and noise alone. This allows d a to serve as the standard by which the relative effects of target-noise similarity and noise uncertainty can be meaningfully compared across a wide variety of different stimulus configurations and psychophysical tasks.
METHOD AND RESULTS

Experiment I: Frequency Discrimination
Target and noise (masker) were each a sequence of N=5 tone bursts as represented in figure 1. The tone bursts were 50 ms in duration and gated on and off with 10-ms cosine-squared ramps. Target and masker bursts alternated without silent intervals between them. Three random-frequency conditions were investigated corresponding to those given in panels 2-4 of figure 1. The mean and standard deviation of the target frequencies across conditions were fixed at P 7 =1000 Hz and V 7 =25 Hz. The values of V 1 P 1 and r 2 associated with the masker frequencies were chosen to yield the same value of d a for each condition. For the noise uncertainty condition (panel 2) they were, respectively, 2236 Hz, 0 and 75 Hz, for the target-noise similarity condition (panel 3) they were 1553 Hz, 0 and 25 Hz, and for target-noise comodulation condition (panel 4) they were 2236 Hz, 1 and 25 Hz. In the two-interval, forced-choice procedure the listener's task was to detect a mean increment '=25 Hz in the frequencies of the target sequence. Listeners were 3 male and 13 female students at the University of Wisconsin-Madison ranging in age from 19-23 years. Figure 2 shows the pairwise comparisons of percent correct performance for the three conditions of the experiment. Each point represents the performance of a single listener averaged over 450 trials. The data indicate somewhat better performance in the comodulation condition compared to the other two conditions. However, in light of the large individual differences in overall performance across listeners, there is remarkable agreement in performance across conditions. The results show a greater dependence of performance on the value of d a than on the specific manipulations associated with changes in noise uncertainty, target-noise similarity and target-noise comodulation. 
Experiment II: Word Recognition
A second experiment was undertaken to test the generality of the outcome obtained in the first experiment. Target and noise (masker) were each a sequence of N=3 words as represented in figure 3. Across blocks of trials, the temporal overlap of target and masker words was 0, 0.1 or 0.2 s. Within each block of trials the fundamental frequency (F0) of words varied at random from one presentation to the next. Four random F0 conditions were investigated as represented in the four panels of figure 3. The mean and standard deviation of the target F0s across conditions were fixed at P 7 =120 Hz and V 7 =15 Hz. The values of V 1 P 1 and r 2 associated with the masker F0s were chosen to yield the same value of d a for each condition. For the masker uncertainty condition (upper-right panel) they were, respectively, 170 Hz, 0 and 33.5 Hz, for the target-masker similarity condition (lower-left panel) they were 149 Hz, 0 and 15 Hz, and for target-masker comodulation condition (lower-right panel) they were 170 Hz, 1 and 15 Hz. The listener's task on each trial was to identify as many of the target words as possible. Listeners were 1 male and 8 female students at the University of Wisconsin-Madison ranging in age from 20-27 years. Figure 4 shows the pairwise comparisons of the reduction in percent correct performance resulting from the addition of the masker in the three masker conditions of the experiment. Each point represents the performance reduction for a single listener averaged over 135 trials. The data once again show large individual differences in performance across listeners. For some listeners increasing the temporal overlap of words has a deleterious effect, while for others it has little or no affect. For all listeners, however, performance is remarkable similar across the three masker conditions, consistent with the outcome obtained in Experiment I.
CONCLUSION
The present study provides evidence that the effects of the two major factors associated with informational masking, masker uncertainty and target-masker similarity, are just different manifestations of the influence on a common underlying statistical variable representing the information divergence of target and noise. The results suggest that beyond the initial transduction of signals the statistical properties of signals have far greater bearing on perception than their specific acoustic properties. 
